US 20150226998A1
ao) United States

12) Patent Application Publication (o) Pub. No.: US 2015/0226998 A1l

BANG et al. (43) Pub. Date: Aug, 13,2015
(54) DISPLAY DEVICE (52) US.CL

CPC ........ GO2F 1/133377 (2013.01); GO2F 1/1368

(71) Applicant: Samsung Display Co., Ltd., (2013.01); GO2F 1/1341 (2013.01); GO2F

Yongin-City (KR) 1/134336 (2013.01)

(72) Inventors: Jung Suk BANG, Seoul (KR); Dae Ho

SONG, Hwaseong-si (KR); Seok-Joon 7 ABSTRACT

HONG, Seongnam-si (KR)
) Provided is a display device, including a substrate including
(21) Appl-No.: 14/472,146 pixel areas which are disposed in a matrix form including
29)  Filed: Aue. 28. 2014 pixel rows and pixel columns, a thin film transistor formed on
(22) Fie 18 =% the substrate, a pixel electrode connected to the thin film
transistor, a common electrode formed on the pixel electrode

(30) Foreign Application Priority Data ‘ . . '
to be spaced apart from the pixel electrode with a microcavity
Feb. 12,2014 (KR) wccocoiirrrnrerens 10-2014-0016045  therebetween, a liquid crystal layer filling the microcavity
between the pixel electrode and the common electrode, a roof
Publication Classification layer formed on the common electrode, a liquid crystal injec-
tion hole formed in the common electrode and the roof layer
(51) Imt.ClL to expose apart of the microcavity, and an overcoat formed on
GO2F 1/1333 (2006.01) the roof layer so as to cover the liquid crystal injection hole to
GO2F 1/1341 (2006.01) seal the microcavity. A cross section of the microcavity has a
GO2F 1/1343 (2006.01) reverse-tapered trapezoidal shape in which an upper width is
GO2F 1/1368 (2006.01) larger than a lower width.
R 330 %0 35 370 3%
\
I A
] ] 1\ I\ ] ! ]
( ( \ P / / (
\ 1
0 0 0 0—31(
\ /
AN /

-

.

-

| b 4+—""1+
l—— 11

—
[—y
—

R,
230 110 140 180 220 230 191

PXa | V1 | PXb



US 2015/0226998 A1

—1 —1 —1
[ ] [T [ ]

e By - By T ===, i R T St =
| | | | I | | | | |
| 1 eoas | 1 1 I 1 1 1 1
| [ 1 [ 1 [ | [ 1 [
SO a G a | IS, a SO o | I o

L L L] . L] .
. . . . . .
. . . - . .

e ——————— B - ) —===5 Fm——————— By Fm——————— =
I 1 i 1 1 1 | | | |
| I | | I I 1 I | I
| [ 1 [H [N [N [

R ——— a G a | IS, a I a | I o
|||||||||| LR -

e By ———————— ] === E] ———————— E] e ]
| 1 1 1 1 i 1 1 1 1
| 1 | H tHe | h e afh 1
| [ i [ [ 1 [ [ 1 [ || 1 [
L 4 v o L e SO a | IS a

L I L
B R = ——=F - ._||_||||||II..W_\

= [ 7 o 1H-09¢

——
Ld—
[ |
Ld—.
=
s
Ld—
-
L]—-

Aug. 13,2015 Sheet 1 of 28

e L Sl || | || S0E
L | | | || . i i axd
o i i T 1IA
L) e ) A TA ) L o rexd

[ "OIA

Patent Application Publication



Patent Application Publication  Aug. 13,2015 Sheet 2 of 28 US 2015/0226998 A1

FIG. 2

192h 129

ﬂ_ﬁ B
4

n—INN\\7 N - 129
Mt \\/ /
194h— / B 134
| i
%//////A \\\\\\\§ ! Z/// b
N L
Ql\\\ % Cstd
Ny N 177
127 J = AAEE 198
Tl
Qh\/—‘! U T Q 121 137
ai AL 173
: 124
17 0
175¢

2z
\\\\Q\: il
\\
SR
R
AR
N
A
RSN
[ [/

ki 154¢
185

| 197
I 220b

193 y,{;s\\ f\*:k 192
{0 7N\ 77/, .
153 ot -
104
197h,

2203 }220

19217 /\ 220
193| 191h
> 191
19 , %& 1 e
I




US 2015/0226998 A1

Aug. 13,2015 Sheet 3 of 28

Patent Application Publication

A

0¢c

\___/\

01E—0 0

“ >
L
T 7
SR
0LE 0S€ SOE 09€ 06€

L0€ \

¢ DIA

O - T

S0€ 0L¢



Patent Application Publication  Aug. 13,2015 Sheet 4 of 28 US 2015/0226998 A1

FIG. 4
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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-0016045 filed in the
Korean Intellectual Property Office on Feb. 12, 2014, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] (a) Field

[0003] Theinventiveconcept relates to a display device and
a manufacturing method thereof.

[0004] (b) Description of the Related Art

[0005] The liquid crystal display which is one of the most
common types of flat panel displays currently in use includes
two sheets of display panels with field generating electrodes
such as a pixel electrode, a common electrode, and the like,
and a liquid crystal layer interposed therebetween. The liquid
crystal display generates an electric field in the liquid crystal
layer by applying a voltage to the field generating electrodes
to determine alignment of liquid crystal molecules of the
liquid crystal layer through the generated electric field and
control polarization of incident light, thereby displaying
images.

[0006] Two sheets of display panels configuring the liquid
crystal display may include a thin film transistor array panel
and an opposing display panel. In the thin film transistor array
panel, a gate line transferring a gate signal and a data line
transferring a data signal are formed to cross each other, and
a thin film transistor connected with the gate line and the data
line, a pixel electrode connected with the thin film transistor,
and the like may be formed. In the opposing display panel, a
light blocking member, a color filter, a common electrode,
and the like may be formed. In some cases, the light blocking
member, the color filter, and the common electrode may be
formed on the thin film transistor array panel.

[0007] However, in aliquid crystal display in the related art,
two sheets of substrates are necessarily used, and respective
constituent elements are formed on the two sheets of sub-
strates, and as a result, there are problems in that the display
device is heavy and thick, has high cost, and has a long
processing time.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art.

SUMMARY

[0009] The inventive concept has been made in an effort to
provide a display device and a manufacturing method thereof
having advantages of reducing a weight, a thickness, cost, and
a processing time by manufacturing the display device by
using one substrate.

[0010] Further, the inventive concept has been made in an
effort to provide a display device having advantages of solv-
ing a problem that deformation of a microcavity occurs when
the display device is bent, and maintaining display quality
even in the case where the display device is bent.

[0011] Anexemplary embodiment of the inventive concept
provides a display device, including: a substrate including a
plurality of pixel areas which are disposed in a matrix form
including a plurality of pixel rows and a plurality of pixel
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columns; a thin film transistor formed on the substrate; a pixel
electrode connected to the thin film transistor and formed in
the pixel area; a common electrode formed on the pixel elec-
trode to be spaced apart from the pixel electrode with a
microcavity therebetween; a liquid crystal layer filling the
microcavity between the pixel electrode and the common
electrode; a roof layer formed on the common electrode; a
liquid crystal injection hole formed in the common electrode
and the roof layer to expose a part of the microcavity; and an
overcoat formed on the roof layer so as to cover the liquid
crystal injection hole to seal the microcavity, in which a cross
section of the microcavity has a reverse-tapered trapezoidal
shape in which an upper width is larger than a lower width.
[0012] The pixel electrode includes a first subpixel elec-
trode and a second subpixel electrode, a first valley is dis-
posed between the first subpixel electrode and the second
subpixel electrode in a pixel row direction, a second valley is
disposed between the plurality of pixel columns, and the
microcavity exists in a region partitioned by the first valley
and the second valley.

[0013] A cross section of the liquid crystal layer may have
a reversed trapezoidal shape in which an upper side is larger
than a lower side.

[0014] A horizontal width of the microcavity may be
gradually decreased according to an increase in a distance
from a center of a display panel.

[0015] The cross section may be a cross section along the
pixel rows.

[0016] The display device may be a horizontally curved
display.

[0017] Another exemplary embodiment of the inventive
concept provides amanufacturing method of a display device,
including: forming a thin film transistor on a substrate; form-
ing a first insulating layer on the thin film transistor; forming
apixel electrode connected with the thin film transistor on the
first insulating layer; forming a trapezoid pattern between
adjacent pixel electrodes; forming a reverse-tapered trapezoi-
dal sacrificial layer filling a space between the patterns on the
pixel electrode; removing the trapezoid pattern; forming a
common electrode on the sacrificial layer; forming a second
insulating layer on the common electrode; forming a roof
layer by coating and patterning an organic material on the
second insulating layer; forming a microcavity between the
pixel electrode and the common electrode by removing the
sacrificial layer; forming a liquid crystal layer by injecting a
liquid crystal material into the microcavity; and forming an
overcoat on the roof layer to seal the microcavity.

[0018] The forming of the trapezoid pattern between the
adjacent pixel electrodes may include coating a pattern mate-
rial on the entire substrate; and removing the pattern on the
pixel electrode by applying a photolithography process to the
pattern material.

[0019] The microcavity may have the same shape as the
sacrificial layer, and have a reversed trapezoidal shape in
which an upper side is larger than the lower side.

[0020] Thetrapezoid pattern may be a positive photo-resist
and the reverse-tapered trapezoidal sacrificial layer may be a
negative photo resist.

[0021] The manufacturing method of a display device may
further include removing the sacrificial layer on the trapezoid
pattern, and exposing the trapezoid pattern and the reverse-
tapered trapezoidal sacrificial layer before removing the trap-
ezoid pattern.
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[0022] Still another exemplary embodiment of the inven-
tive concept provides a display device, including: a substrate
including a plurality of pixel areas which are disposed in a
matrix form including a plurality of pixel rows and a plurality
of pixel columns; a thin film transistor formed on the sub-
strate; a pixel electrode connected to the thin film transistor
and formed in the pixel area; a common electrode formed on
the pixel electrode to be spaced apart from the pixel electrode
with a microcavity therebetween; a roof layer formed on the
common electrode; a liquid crystal injection hole formed in
the common electrode and the roof layer to expose a part of
the microcavity; a liquid crystal layer filling the microcavity;
and an overcoat formed on the roof layer so as to cover the
liquid crystal injection hole to seal the microcavity, in which
a cross section of the microcavity has a symmetrical semi-
oval shape in a pixel disposed at the center of the substrate, a
cross section of the microcavity of apixel disposed at the right
of the substrate has an semi-oval shape in which a cross
section of the microcavity has a symmetrical semi-oval shape
in a pixel disposed at the center of the substrate, a cross
section of the microcavity of a pixel disposed at the right side
of the substrate has an semi-oval shape in which a semi-major
axis 1s inclined to the right, and a cross section of the micro-
cavity of a pixel disposed at the left side of the substrate has
an semi-oval shape in which a semi-major axis is inclined to
the left.

[0023] A right-inclined degree of a slope ofthe microcavity
1s gradually increased toward the right from the center of the
substrate, and a left-inclined degree is increased toward the
left from the center of the substrate.

[0024] The pixel electrode includes a first subpixel elec-
trode and a second subpixel electrode, a first valley is dis-
posed between the first subpixel electrode and the second
subpixel electrode in a pixel row direction, a second valley is
disposed between the plurality of pixel columns, the micro-
cavity exists in a region partitioned by the first valley and the
second valley, and the cross section in a pixel row direction of
the microcavity is a semicircle, a right-inclined oval, or a
left-inclined oval.

[0025] An inclination angle of the semi-major axis may be
gradually increased according to an increase in a distance
from a center of the substrate

[0026] The display device may be a horizontally curved
display.
[0027] Yet another exemplary embodiment of the inventive

concept provides amanufacturing method of a display device,
including: forming a thin film transistor on a substrate; form-
ing a first insulating layer on the thin film transistor; forming
apixel electrode connected with the thin film transistor on the
first insulating layer; coating a sacrificial layer on the pixel
electrode; positioning a mask having different transmittance
for each area on the sacrificial layer; exposing and etching the
sacrificial layer; exposing and etching the sacrificial layer;
forming a common electrode on the sacrificial layer; forming
a second insulating layer on the common electrode; forming
arooflayer by coating and patterning an organic material on
the second insulating layer; forming a microcavity between
the pixel electrode and the common electrode by removing
the sacrificial layer; forming a liquid crystal layer by injecting
aliquid crystal material into the microcavity; and forming an
overcoat on the roof layer to seal the microcavity.

[0028] The mask corresponding to a center of the substrate
has a same horizontal transmittancein a left and a right side of
the semi-oval, and the mask except a region corresponding to
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the center of the substrate has a different horizontal transmit-
tance in a left and a right side of the semi-oval.

[0029]

[0030] The sacrificial layer is a negative photosensitive
material, the mask corresponding to the left side of the sub-
strate has higher transmittance in the left side of the semi-oval
than the right side of the semi-oval, and the mask correspond-
ing to the right side of the substrate has higher transmittance
in the right side of the semi-oval than the left side of the
semi-oval.

[0031] Still yet another exemplary embodiment of the
inventive concept provides a display device, including: a sub-
strate including a plurality of pixel areas which are disposed
in a matrix form with a plurality of pixel rows and a plurality
of pixel columns; a thin film transistor formed on the sub-
strate; a pixel electrode connected to the thin film transistor
and formed in the pixel area; a common electrode formed on
the pixel electrode to be spaced apart from the pixel electrode
with a microcavity therebetween; a roof layer formed on the
common electrode; a liquid crystal injection hole formed in
the common electrode and the roof layer to expose a part of
the microcavity; a liquid crystal layer filling the microcavity;
and an overcoat formed on the roof layer so as to cover the
liquid crystal injection hole to seal the microcavity, in which
a horizontal width of the microcavity is gradually decreased
according to an increase in a distance from a center of a
display panel.

[0032] The pixel electrode may include a first subpixel
electrode and a second subpixel electrode, a first valley may
be disposed between the first subpixel electrode and the sec-
ond subpixel electrode in a pixel row direction, a second
valley may be disposed between the plurality of pixel col-
umns, the microcavity may exist in a region partitioned by the
first valley and the second valley, and the cross section in a
pixel row direction of the microcavity may have a trapezoid
shape in which an upper side is smaller than a lower side.

The mask may be a halftone mask or a slit.

[0033] The display device may be a horizontally curved
display.
[0034] A cross section in a pixel row direction of the micro-

cavity may have a trapezoidal shape in which an upper width
1s smaller than a lower width.

[0035] Further exemplary embodiment of the inventive
concept provides amanufacturing method ofa display device,
including: forming a thin film transistor on a substrate; form-
ing a first insulating layer on the thin film transistor; forming
apixel electrode connected with the thin film transistor on the
first insulating layer; coating a sacrificial layer on the pixel
electrode; positioning a mask including light blocking
regions, a width of the light blocking regions being gradually
varying according to an increase in a distance from a center of
the substrate; exposing and developing the sacrificial layer;
forming a common electrode on the sacrificial layer; forming
a second insulating layer on the common electrode; forming
aroof layer by coating and patterning an organic material on
the second insulating layer; forming a microcavity between
the pixel electrode and the common electrode by removing
the sacrificial layer; forming a liquid crystal layer by injecting
aliquid crystal material into the microcavity; and forming an
overcoat on the roof layer to seal the microcavity.

[0036] The sacrificial layer is a positive photosensitive
material, and the width of the light blocking regions is gradu-
ally decreased according to an increase in a distance from a
center of a display panel.



US 2015/0226998 A1l

[0037] According to the exemplary embodiments of the
inventive concept, it is possible to maintain display quality
even in the case where the panel is bent, by forming a shape of
the microcavity as a reverse trapezoid, or varying the shape of
the microcavity at the center and the edge of one panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a plan view illustrating a display device
according to an exemplary embodiment of the inventive con-
cept.

[0039] FIG. 2 is a plan view illustrating one pixel of the

display device according to the exernplary embodiment of the
inventive concept.

[0040] FIG. 3is a cross-sectional view illustrating a part of
the display device of FIG. 1 taken along line ITI-ITI according
to the exemplary embodiment of the inventive concept.
[0041] FIG. 4is a cross-sectional view illustrating a part of
the display device of FIG. 1 taken along line IV-IV according
to the exemplary embodiment of the inventive concept.
[0042] FIG.5schematically illustrates a cross section of the
display device of F1G. 1 taken along line V-V according to the
exemplary embodiment of the inventive concept.

[0043] FIGS. 6 to 18 illustrate a manufacturing method ofa
display device according to an exemplary embodiment of the
inventive concept in stages.

[0044] FIG. 19 schematically illustrates a cross section of
the display device of FIG. 1 taken along line V-V based on a
microcavity according to the exemplary embodiment of the
inventive concept.

[0045] FIG.20 illustrates a cross section of a pixel disposed
at the center of the display device according to an exemplary
embodiment of the inventive concept.

[0046] FIG.21 illustrates a cross section of a pixel disposed
at a left side of the display device according to an exemplary
embodiment of the inventive concept.

[0047] FIG.22illustrates a cross section of a pixel disposed
at aright side of the display device according to an exemplary
embodiment of the inventive concept.

[0048] FIG. 23 illustrates a method of forming a sacrificial
layer of a display device according to an exemplary embodi-
ment of the inventive concept.

[0049] FIG. 24 schematically illustrates a cross section of
the display device of FIG. 1 taken along line V-V based on a
microcavity according to the exemplary embodiment of the
inventive concept.

[0050] FIG. 25 illustrates a method of forming a sacrificial
layer of a display device according to an exemplary embodi-
ment of the inventive concept.

[0051] FIG. 26 illustrates bending of a panel when imple-
menting a curved display.

[0052] FIG.27illustrates deformation of a microcavity due
to a bending of a panel in a display device according to
Comparative Example.

[0053] FIG. 28 illustrates deformation of a microcavity due
to a bending of a panel in a display device according to
Example.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0054] The inventive concept will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the inventive concept are
shown. As those skilled in the art would realize, the described
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embodiments may be modified in various different ways, all
without departing from the spirit or scope of the inventive
concept.

[0055] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate 1s referred to as being “on”
another element, it can be formed directly on the other ele-
ment or be formed with intervening elements. In contrast,
when an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0056] First, a display device according to an exemplary
embodiment of the inventive concept will be schematically
described below with reference to the accompanying draw-
ings.

[0057] FIG. 1 is a plan view illustrating a display device
according to an exemplary embodiment of the inventive con-
cept, and for convenience, FIG. 1 illustrates only some con-
stituent elements.

[0058] A display device according to the exemplary
embodiment of the inventive concept includes a substrate 110
made of a material such as glass or plastic, and a roof layer
360 formed on the substrate 110.

[0059] The substrate 110 includes a plurality of pixel areas
PXs. The plurality of pixel areas PXs is disposed in a matrix
form which includes a plurality of pixel rows and a plurality
of pixel columns. Fach pixel area PX may include a first
subpixel area PXa and a second subpixel area PXb. The first
subpixel area PXa and the second subpixel area PXb may be
vertically disposed.

[0060] A first valley V1 is disposed between the first sub-
pixel area PXa and the second subpixel area PXb along a pixel
row direction, and a second valley V2 is disposed between a
plurality of pixel columns.

[0061] The roof layer 360 is formed along a pixel row
direction. In this case, the rooflayer 360 is removed at the first
valley V1 and thus an injection hole 307 is formed so that a
constituent element disposed below the roof layer 360 is
exposed to the outside.

[0062] Each rooflayer 360 is formed to be separated from
the substrate 110 between the adjacent second valleys V2 to
form the microcavity 305. Further, each roof layer 360 is
formed to be attached to the substrate 110 at the second valley
V2 to cover both sides of the microcavity 305.

[0063] A structure of the display device according to the
exemplary embodiment of the inventive concept described
above is just an example and may be variously modified. For
example, a layout form of the pixel area PX, the first valley
V1, and the second valley V2 may be modified, and the
plurality of roof layers 360 may be connected to each other at
the first valley V1, and a part of each roof layer 360 is sepa-
rated from the substrate 110 at the second valley V2 and thus
the adjacent microcavities 305 may be connected to each
other.

[0064] Next, one pixel of the display device according to
the exemplary embodiment of the inventive concept will be
described below with reference to FIGS. 1to 4.

[0065] FIG. 2 is a plan view illustrating one pixel of the
display device according to the exemplary embodiment of the
inventive concept, FIG. 3 is a cross-sectional view illustrating
a part of the display device taken along line ITII-IIT of FIG. 1
according to the exemplary embodiment of the inventive con-
cept, and FIG. 4 is a cross-sectional view illustrating a part of
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the display device taken along line IV-IV of FIG. 1 according
to the exemplary embodiment of the inventive concept.

[0066] Referring to FIGS. 1 to 4, a plurality of gate con-
ductors including a plurality of gate lines 121, a plurality of
step-down gate lines 123, and a plurality of storage electrode
lines 131 is formed on the substrate 110.

[0067] The gate lines 121 and the step-down gate lines 123
mainly extend in a horizontal direction to transfer gate sig-
nals. The gate conductor further includes a first gate electrode
124/ and a second gate electrode 124/ protruding upward and
downward from the gate line 121, and further includes a third
gate electrode 124¢ protruding upward from the step-down
gate line 123. The first gate electrode 124/ and the second
gate electrode 124/ are connected with each other to form one
protrusion. In this case, the protrusion shape of the first,
second, and third gate electrodes 1244, 124/, and 124¢ may be
modified.

[0068] The storage electrode line 131 mainly extends in a
horizontal direction to transfer a predetermined voltage such
as a common voltage Vcom. The storage electrode line 131
includes storage electrodes 129 protruding upward and
downward, a pair of vertical portions 134 extending down-
ward to be substantially vertical to the gate line 121, and a
horizontal portion 127 connecting ends of the pair of vertical
portions 134. The horizontal portion 127 includes a capacitor
electrode 137 expanded downward.

[0069] A gate insulating layer 140 is formed on the gate
conductor 121, 123, 1244, 124/, 124¢, and 131. The gate
insulating layer 140 may be made of an inorganic insulating
material such as silicon nitride (SiNx) and silicon oxide
(S10x). Further, the gate insulating layer 140 may be a single
layer or a multiple layer.

[0070] A first semiconductor 154/, a second semiconduc-
tor 154/, and a third semiconductor 154¢ are formed on the
gate insulating layer 140. The first semiconductor 154/ may
be disposed on the first gate electrode 1244, the second semi-
conductor 154/ may be disposed on the second gate electrode
124/, and the third semiconductor 154¢ may be disposed on
the third gate electrode 124¢. The first semiconductor 154%
and the second semiconductor 154/ may be connected to each
other, and the second semiconductor 154/ and the third semi-
conductor 154¢ may be connected to each other. Further, the
first semiconductor 1544 may extend to the lower portion of
the data line 171. The first to third semiconductors 154/, 154/,
and 154¢ may be made of amorphous silicon, polycrystalline
silicon, oxide semiconductor, and the like.

[0071] Ohmic contacts (not illustrated) may be further
formed on the first to third semiconductors 154/%, 154/, and
154¢. The ohmic contact may be made of silicide or a material
such as n+ hydrogenated amorphous silicon in which an
n-type impurity is doped at high concentration.

[0072] A data conductor including a data line 171, a first
source electrode 173/, a second source electrode 173/, a third
source electrode 173c, a first drain electrode 1754, a second
drain electrode 175/, and a third drain electrode 175¢ is
formed on the first to third semiconductors 154/, 154/, and
154c¢.

[0073] The dataline 171 transfers a data signal and mainly
extends in a vertical direction to cross the gate line 121 and the
step-down gate line 123. Each data line 171 extends toward
the first gate electrode 124% and the second gate electrode
124/ and includes a first source electrode 173/ and a second
source electrode 173/ which are connected with each other.
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[0074] Each of the first drain electrode 1754, the second
drain electrode 175/, and the third drain electrode 175¢
includes one wide end portion and the other rod-shaped end
portion. The rod-shaped end portions of the first drain elec-
trode 175k and the second drain electrode 175/ are partially
surrounded by the first source electrode 173/ and the second
source electrode 173/. One wide end portion of the second
drain electrode 175/ again extends to form a third source
electrode 175¢ having ‘U’-lettered shape. A wide end portion
177¢ of the third drain electrode 173¢ overlaps the capacitor
electrode 137 to form a step-down capacitor Cstd, and the
rod-shaped end portion is partially surrounded by the third
source electrode 175¢.

[0075] The first gate electrode 1244, the first source elec-
trode 1734, and the first drain electrode 175/ form a first thin
film transistor Qh together with the first semiconductor 1547,
the second gate electrode 124/, the second source electrode
173/, and the second drain electrode 175/ form a second thin
film transistor QI together with the second semiconductor
154/, and the third gate electrode 124¢, the third source elec-
trode 173¢, and the third drain electrode 175¢ form the third
thin film transistor Qc together with the third semiconductor
154c.

[0076] The first semiconductor 1544, the second semicon-
ductor 154/, and the third semiconductor 154¢ are connected
to each other to form in a stripe shape, and may have substan-
tially the same planar shape as the data conductors 171, 1734,
1731, 173c, 175k, 175[, and 175¢ and the ohmic contacts
therebelow, except for channel regions between the source
electrodes 1734, 173/, and 173c and the drain electrodes
175k, 1731, and 175¢.

[0077] Inthe first semiconductor 1544, an exposed portion
whichis not covered by the first source electrode 173/ and the
first drain electrode 175/ is disposed between the first source
electrode 1734 and the first drain electrode 175%. In the sec-
ond semiconductor 154/, an exposed portion which is not
covered by the second source electrode 173/ and the second
drain electrode 175/ is disposed between the second source
electrode 173/ and the second drain electrode 175/, In addi-
tion, in the third semiconductor 154¢, an exposed portion
which is not covered by the third source electrode 173¢ and
the third drain electrode 175¢ is disposed between the third
source electrode 173¢ and the third drain electrode 175c¢.
[0078] A passivation layer 180 is formed on the data con-
ductor 171, 1734, 173/, 173c¢, 175k, 175/, and 175¢ and the
semiconductors 1547, 154/, and 154¢ exposed between the
respective source electrodes 1734/173//173¢ and the respec-
tive drain electrodes 1754/1751/175¢. The passivation layer
180 may be made of an organic insulating material or an
inorganic insulating material, and may be formed in a single
layer or a multiple layer.

[0079] A color filter 230 in each pixel area PX is formed on
the passivation layer 180. Each color filter 230 may display
one of primary colors such as three primary colors of red,
green and blue. However, the color filter 230 is not limited to
the three primary colors of red, green and blue, but may
display cyan, magenta, yellow, and white-based colors.
Unlike those illustrated above, the color filter 230 may be
elongated in a column direction along a space between the
adjacent data lines 171.

[0080] A light blocking member 220 is formed in a region
between the adjacent color filters 230. The light blocking
member 220 is formed on a boundary of the pixel area PX and
the thin film transistor to prevent light leakage. The color filter
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230 is formed in each of the first subpixel area PXa and the
second subpixel area PXb, and the light blocking member 220
may be formed between the first subpixel area PXa and the
second subpixel area PXb.

[0081] The light blocking member 220 includes a horizon-
tal light blocking member 220a which extends along the gate
line 121 and the step-down gate line 123 to be expanded
upward and downward, and covers regions in which the first
thin film transistor Qh, the second thin film transistor Ql, and
the third thin film transistor Qc are disposed, and a vertical
light blocking member 2205 which extends along the data
line 171. That is, the horizontal light blocking member 220a
may be formed at the first valley V1, and the vertical light
blocking member 2205 may be formed at the second valley
V2. The color filter 230 and the light blocking member 220
may partially overlap with each other.

[0082] A first insulating layer 240 may be further formed
on thecolor filter 230 and the light blocking member220. The
first insulating layer 240 may be made of an inorganic insu-
lating material such as silicon nitride (SiNx), silicon oxide
(8i0Ox), and silicon oxynitride (SiOxNy). The first insulating
layer 240 serves to protect the color filter 230 made of the
organic material and the light blocking member 220, and may
be omitted if necessary.

[0083] In the first insulating layer 240, the light blocking
member 220, and the passivation layer 180, a plurality of first
contact holes 185~ and a plurality of second contact holes
185/, which expose the wide end portion of the first drain
electrode 175/ and the wide end portion of the second drain
electrode 175/, respectively, are formed.

[0084] A pixel electrode 191 is formed on the first insulat-
ing layer 240. The pixel electrode 191 may be made of a
transparent metal material such as indium tin oxide (ITO) and
indium zinc oxide (IZ0).

[0085] The pixel electrode 191 includes the first subpixel
electrode 1914 and the second subpixel electrode 1917 which
are separated from each other with the gate line 121 and the
step-down gate line 123 therebetween, and are disposed
above and below the pixel area PX based on the gate line 121
and the step-down gate line 123 to be adjacent to each other in
a column direction. That is, the first subpixel electrode 1917
and the second subpixel electrode 191/ are separated from
each other with the first valley V1 disposed therebetween, the
first subpixel electrode 191/ is disposed in the first subpixel
area PXa, and the second subpixel electrode 191/ is disposed
in the second subpixel area PXb.

[0086] The first subpixel electrode 191% and the second
subpixel electrode 191/ are connected with the first drain
electrode 175/ and the second drain electrode 175/ through
the first contact hole 1854 and the second contact hole 185/,
respectively. Accordingly, when the first thin film transistor
Qh and the second thin film transistor QI are turned on, the
first thin film transistor Qh and the second thin film transistor
QI receive data voltages from the first drain electrode 175k
and the second drain electrode 175/.

[0087] An overall shape of each of the subpixel electrode
191/ and the second subpixel electrode 191/ 1s a quadrangle,
and the first subpixel electrode 191/ and the second subpixel
electrode 191/ include cross stems including horizontal stems
193/ and 193/ and vertical stems 192/ and 192/ crossing the
horizontal stems 193/ and 193/, respectively. Further, the first
subpixel electrode 1914 and the second subpixel electrode
191/ include a plurality of minute branches 194% and 194/,
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and protrusions 1974 and 197! protruding downward or
upward from edge of the subpixel electrodes 1944 and 194/,
respectively.

[0088] The pixel electrode 191 is divided into four subre-
gions by the horizontal stems 193/ and 193/ and the vertical
stems 192/ and 192/. The minute branches 194/ and 194/
obliquely extend from the horizontal stems 1934 and 193/ and
the vertical stems 192/ and 192/, and the extending direction
may form an angle of approximately 45 degrees or 135
degrees with the gate line 121 or the horizontal stems 193/
and 193/. Further, directions in which the minute branches
194/ and 194/ of the two adjacent subregions extend may be
perpendicular to each other.

[0089] In the exemplary embodiment, the first subpixel
electrode 191/ further includes an outer stem surrounding the
outside, and the second subpixel electrode 191/ includes hori-
zontal portions disposed at an upper end and a lower end, and
left and right vertical portions 198 disposed at the left and the
right of the first subpixel electrode 191/%. The left and right
vertical portions 198 may prevent capacitive coupling that is
coupling between the data line 171 and the first subpixel
electrode 191/

[0090] Thelayout form of the pixel area, the structure of the
thin film transistor, and the shape of the pixel electrode
described above are just an example, and the inventive con-
cept 1s not limited thereto and may be variously modified.
[0091] A common electrode 270 is formed on the pixel
electrode 191 so as to be spaced apart from the pixel electrode
191 at a predetermined distance. A microcavity 305 is formed
between the pixel electrode 191 and the common electrode
270. That is, the microcavity 305 is surrounded by the pixel
electrode 191 and the common electrode 270.

[0092] Referring to F1G. 4, in an exemplary embodiment of
the inventive concept, a microcavity 305 corresponding to
one pixel electrode and one common electrode has a trapezoid
shapein which a length of a lower side is smaller than a length
of an upper side. That is, the microcavity 305 of the display
device according to the exemplary embodiment of the inven-
tive concept has a reverse-tapered shape in which an upper
width is larger than a lower width.

[0093] As such, the microcavity having the reverse-tapered
shape may be formed by patterning a positive photosensitive
material having the tapered shape and then coating a sacrifi-
cial layer material. A detained manufacturing method will be
described below.

[0094] FIG. 5 schematically illustrates a cross section of the
display device of FIG. 1 taken along line V-V according to the
exemplary embodiment of the inventive concept. Referring to
FIG. 5, the microcavity of the display device according to the
exemplary embodiment has a trapezoid shape in which a
lower width B1 is smaller than an upper width T1.

[0095] Referring back to FIG. 4, the common electrode 270
may be made of a transparent metal material such as indium
tin oxide (ITO) and indium zinc oxide (IZO). A predeter-
mined voltage may be applied to the common electrode 270,
and an electric field may be generated between the pixel
electrode 191 and the common electrode 270.

[0096] An alignment layer 11 and 21 is formed on the pixel
electrode 191 and the common electrode 270. The alignment
layer 11 and 21 may also be formed directly on the first
insulating layer 240 which is not covered by the pixel elec-
trode 191.

[0097] The alignment layer 11 and 21 may be formed by
vertical alignment layers, and made of alignment materials
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such as polyamic acid, polysiloxane, and polyimide. The
alignment layers 11 and 21 may be connected to each other at
an edge of the pixel area PX.

[0098] A liquid crystal layer having liquid crystal mol-
ecules 310 is formed in the microcavity 305 disposed between
the pixel electrode 191 and the common electrode 270. The
liquid crystal molecules 310 may have negative dielectric
anisotropy, and may be aligned in a vertical direction to the
substrate 110 while the electric field is not applied. That is, the
liquid crystal is a vertical alignment type liquid crystal.
[0099] The first subpixel electrode 191% and the second
subpixel electrode 191/ generate an electric field together
with the common electrode 270 to determine directions of the
liquid crystal molecules 310 disposed in the microcavity 305
between the two electrodes 191 and 270. As such, luminance
of light passing through the liquid crystal layer varies accord-
ing to the determined directions of the liquid crystal mol-
ecules 310.

[0100] A second insulating layer 350 may be further
formed on the common electrode 270. The second insulating
layer 350 may be made of an inorganic insulating material
such as silicon nitride (SiNx), silicon oxide (SiOx), and sili-
con oxynitride (SiOxNy), and may be omitted if necessary.
[0101] A rooflayer 360 is formed on the second insulating
layer 350. The roof layer 360 may be made of an organic
material. The microcavity 305 is formed below the roof layer
360, and the roof layer 360 is hardened by a curing process to
maintain the shape of the microcavity 305. That is, the roof
layer 360 is formed to be spaced apart from the pixel electrode
191 with the microcavity 305 formed therebetween.

[0102] The roof layer 360 is formed in each pixel area PX
along a pixel row, and is not formed in the first valley V1. That
is, the roof layer 360 is not formed between the first subpixel
area PXa and the second subpixel area PXb. The microcavity
305 is formed below each roof layer 360 in each of the first
subpixel area PXa and the second subpixel area PXb. In the
second valley V2, the microcavity 305 is not formed below
the roof layer 360, but formed to be attached to the substrate
110. Accordingly, a thickness of the roof layer 360 disposed
at the second valley V2 may be thicker than a thickness of the
roof layer 360 disposed in each of the first subpixel area PXa
and the second subpixel area PXb. The upper surface and both
sides of the microcavity 305 may be covered by the rooflayer
360.

[0103] An injection hole 307 exposing a part of the micro-
cavity 305 is formed in the common electrode 270, the second
insulating layer 350, and the roof layer 360. The injection
holes 307 may be formed to face each other at the edges of the
first subpixel area PXa and the second subpixel area PXb.
That is, the injection holes 307 may correspond to the lower
side of the first subpixel area PXa and the upper side of the
second subpixel area PXb to expose a side of the microcavity
305. Since the microcavity 305 is exposed by the injection
hole 307, an aligning agent or a liquid crystal material may be
injected into the microcavity 305 through the injection hole
307.

[0104] A third insulating layer 370 may be further formed
on the roof layer 360. The third insulating layer 370 may be
made of an inorganic insulating material such as silicon
nitride (SiNx), silicon oxide (Si0x), and silicon oxynitride
(SiOxNy). The third insulating layer 370 may be formed to
cover an upper surface and a side of the roof layer 360. The
third insulating layer 370 serves to protect the roof layer 360
made of an organic material.
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[0105] Hereinabove, the structure in which the third insu-
lating layer 370 is formed on the roof layer 360 is described,
but the inventive concept is not limited thereto, and the third
insulating layer 370 may be omitted.

[0106] An overcoat 390 may be formed on the third insu-
lating layer 370. The overcoat 390 is formed to cover the
injection hole 307 by which a part of the microcavity 305 is
exposed outside. That is, the overcoat 390 may seal the micro-
cavity 305 so that the liquid crystal molecules 310 formed in
the microcavity 305 are not discharged outside. Since the
overcoat 390 contacts the liquid crystal molecules 310, the
overcoat 390 may be made of a material which does not react
with liquid crystal molecules 310. For example, the overcoat
390 may be made of parylene and the like.

[0107] The overcoat 390 may be formed as a multilayer
such as a double layer and a triplelayer. The double layer may
comprise two layers made of different materials. The triple
layer may comprise three layers, and materials of adjacent
layers are different from each other. For example, the over-
coat 390 may include a layer made of an organic insulating
material and a layer made of an inorganic insulating material.
[0108] Although not illustrated, polarizers may be further
disposed on upper and lower sides of the display device. The
polarizers may include a first polarizer and a second polarizer.
The first polarizer may be attached onto the lower side of the
substrate 110, and the second polarizer may be attached onto
the overcoat 390.

[0109] Then, a manufacturing method of a display device
according to another exemplary embodiment of the inventive
concept will be described with reference to FIGS. 2, and 6 to
18. FIGS. 6 to 18 illustrate a manufacturing method of a
display device according to another exemplary embodiment
of the inventive concept.

[0110] First, as illustrated in FIGS. 2 and 6, on a substrate
110 made of glass or plastic, a gate line 121 and a step-down
gate line 123 extending in one direction are formed, and a first
gate electrode 124/, a second gate electrode 124/, and a third
gate electrode 124c¢ which protrude from the gate line 121 are
formed.

[0111] Further, a storage electrode line 131 may be formed
together so as to be spaced apart from the gate line 121, the
step-down gate line 123, and the first to third gate electrodes
1245, 1241, and 124c.

[0112] Next, a gate insulating layer 140 is formed on the
entire surface of the substrate 110 including the gate line 121,
the step-down gate line 123, the first to third gate electrodes
1244, 124/, and 124c, and the storage electrode line 131 by
using an inorganic insulating material such as silicon oxide
(S10x) or silicon nitride (SiNx). The gate insulating layer 140
may be formed as a single layer or a multiple layer.

[0113] Next, a first semiconductor 154/, a second semicon-
ductor 154/, and a third semiconductor 154¢ are formed by
depositing a semiconductor material such as amorphous sili-
con, polycrystalline silicon, and metal oxide on the gate insu-
lating layer 140 and then patterning the deposited semicon-
ductor material. The first semiconductor 154k may be
disposed on the first gate electrode 1244, the second semi-
conductor 154/ may be disposed on the second gate electrode
124/, and the third semiconductor 154¢ may be disposed on
the third gate electrode 124c¢.

[0114] Next, referring to FIGS. 2 and 7, a data line 171
extending in the other direction substantially perpendicular to
the first direction is formed by depositing a metal material and
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then patterning the deposited metal material. The metal mate-
rial may be formed as a single layer or a multiple layer.
[0115] Further, a first source electrode 173% protruding
above the first gate electrode 124/ from the data line 171, and
a first drain electrode 175k spaced apart from the first source
electrode 173/ are formed together. Further, a second source
electrode 173/ connected with the first source electrode 173/,
and a second drain electrode 175/ spaced apart from the
second source electrode 173/ are formed together. Further, a
third source electrode 173¢ extended from the second drain
electrode 175/, and a third drain electrode 175¢ spaced apart
from the third source electrode 173¢ are formed together.
[0116] The first to third semiconductors 1544, 154/, and
154c, the data line 171, the first to third source electrodes
173k, 173/, and 173¢, and the first to third drain electrodes
175k, 1751, and 175¢ may be formed by sequentially depos-
iting a semiconductor material and a metal material and then
patterning the semiconductor material and the metal material
at the same time. In this case, the first semiconductor 154/
may be extended to the lower portion of the data line 171.
[0117] The first/second/third gate electrodes 1247/1241/
124c, the first/second/third source electrodes 173/4/1731/
173c¢, and the first/second/third drain electrodes 1754/175//
175¢ form first/second/third thin film transistors (TFTs)
QW/QI/Qc together with the first/second/third semiconduc-
tors 154/4/1541/154¢, respectively.

[0118] Next, a passivation layer 180 is formed on the data
line 171, the first to third source electrodes 173/, 173/, and
173c¢, the first to third drain electrodes 1754, 175/, and 175¢
and the semiconductors 154k, 154/, and 154c exposed
between the respective source electrodes 1734/173//173¢ and
the respective drain electrodes 1754/1751/175¢. The passiva-
tion layer 180 may be made of an organic insulating material
or an inorganic insulating material, and may be formed in a
single layer or a multiple layer.

[0119] Next, referring to 2and 8, a color filter 230 is formed
in each pixel area PX on the passivation layer 180. The color
filter 230 is formed in each of the first subpixel area PXa and
the second subpixel area PXb, and may not be formed at the
first valley V1. Further, the color filters 230 having the same
color may be formed in a column direction of the plurality of
pixel areas PX. In the case of forming the color filters 230
having three colors, a first colored color filter 230 may be first
formed and then a second colored color filter 230 may be
formed by shifting a mask. Next, the second colored color
filter 230 may be formed and then a third colored color filter
may be formed by shifting a mask.

[0120] Next, a light blocking member 220 is formed on a
boundary of each pixel area PX on the passivation layer 180
and the thin film transistor. The light blocking member 220
may be formed even at the first valley V1 disposed between
the first subpixel area PXa and the second subpixel area PXb.
[0121] Hereinabove, the light blocking member 220 is
formed after forming the color filters 230, but the inventive
concept is not limited thereto, and the light blocking member
220 is first formed and then the color filters 230 may be
formed.

[0122] Next, referring to FIGS. 2 and 9, a first insulating
layer 240 made of an inorganic insulating material such as
silicon nitride (SiNx), silicon oxide (SiOx), and silicon
oxynitride (SiOxNy) is formed on the color filter 230 and the
light blocking member 220.

[0123] Next, a first contact hole 185/ is formed by etching
the passivation layer 180, the first light blocking member 220,
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and the first insulating layer 240 so as to expose a part of the
first drain electrode 1754, and a second contact hole 185/ is
formed so as to expose a part of the second drain electrode
1751

[0124] Next, a first subpixel electrode 191/ is formed in the
first subpixel area PXa, and a second subpixel electrode 191/
is formed in the second subpixel area PXb, by depositing and
patterning a transparent metal material such as indium tin
oxide (ITO) and indium zinc oxide (IZO) on the first insulat-
ing layer 240. The first subpixel electrode 1914 and the sec-
ond subpixel electrode 191/ are separated from each other
with the first valley V1 therebetween. The first subpixel elec-
trode 191/ is connected to the first drain electrode 175/
through the first contact hole 185/, and the second subpixel
electrode 191/ is connected to the second drain electrode 175/
through the second contact hole 185/.

[0125] Horizontal stems 193/ and 193/, and vertical stems
192/ and 192/ crossing the horizontal stems 193/ and 193/
are formed in the first subpixel electrode 191/ and the second
subpixel electrode 191/, respectively. Further, a plurality of
minute branches 1944 and 194/, which obliquely extend from
the horizontal stems 193% and 193/ and the vertical stems
192/ and 192/, is formed.

[0126] Next, referring to FIG. 10, a photosensitive material
is coated on the pixel electrode, and then a tapered photo-
resist pattern 320 is formed on the second valley region
through a photolithography process. The photo-resist pattern
may have awide bottom portion and a narrow top portion. The
photo-resist pattern may have a trapezoid shape having the
wide bottom portion and the narrow top portion. That is, a
trapezoid pattern having a tapered shape is formed along a
data line. In this case, the trapezoid pattern may be made of a
positive photosensitive material.

[0127] Thereafter, referring to FIG. 11, a material for form-
ing a sacrificial layer 300 is filled between the photo-resist
patterns formed in FIG. 10. If the photo-resist pattern is
formed from the positive resist, the sacrificial layer 300 may
be a negative photosensitive material. The sacrificial layer
300 may be formed on the pixel area PX. Since the sacrificial
layer 300 is filled between the photo-resist patterns having the
tapered shape formed in FIG. 10, the shape of the sacrificial
layer 300 may have a reverse-tapered shape. The sacrificial
layer on the trapezoid pattern may be removed. That is, a
lower width of the sacrificial layer formed in one pixel PX
area is smaller than an upper width of the sacrificial layer. If
the photo-resist patterns have a trapezoid shape, the sacrificial
layer 300 may have a reverse-tapered trapezoid shape.
[0128] Next, referring to FIG. 12, the substrate having the
photo-resist patterns and the sacrificial layer is exposed and
the photo-resist pattern having the tapered shape formed in
FIG. 10 is removed. Since the photo-resist pattern is made
from the positive photosensitive material and the sacrificial
layer is made from the negative photosensitive material, only
the photo-resist pattern may be selectively removed through
exposure process. Accordingly, only the sacrificial layer hav-
ing the reverse-tapered shape remains on the substrate.
[0129] Accordingly, in the display device of the inventive
concept, the sacrificial layer 300 having the reverse-tapered
shape, for example reverse-tapered trapezoid shape, disposed
on the pixel area is formed.

[0130] Next, as illustrated in FIG. 13, the common elec-
trode 270 is formed by depositing a transparent metal mate-
rial such as indium tin oxide (ITO) or indium zinc oxide (IZO)
on the sacrificial layer 300.
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[0131] The second insulating layer 350 may be formed on
the common electrode 270 with an inorganic insulating mate-
rial such as silicon nitride (SiNXx), silicon oxide (SiOx), and
silicon oxynitride (SiOxNy). Next, the roof layer 360 is
formed by coating and patterning an organic material on the
second insulating layer 350. In this case, referring to FIG. 1,
the organic material disposed at the first valley V1 may be
exposed and developed so as to be removed. The removed
portion of the rooflayer may serve as a liquid crystal injection
hole. The roof layers 360 may be formed to be connected to
each other along a plurality of pixel rows.

[0132] Next, the third insulating layer 370 may be formed
on the roof layer 360 with an inorganic insulating material
such as silicon nitride (SiNx) and silicon oxide (S10x). The
third insulating layer 370 is formed on the patterned roof layer
360 to cover and protect the side of the roof layer 360.
[0133] FIG. 14 illustrates another cross section of the dis-
play device manufactured by to the processes illustrated in
FIG. 13. FIG. 14 illustrates a region traversing the first valley
V1 region, that is, the same cross section as FIG. 3. FIG. 13
illustrates the cross section traversing the second valley V2
region, but hereinafter, for convenience of description, the
cross section traversing the first valley V1 region will be
described. That is, the cross sections illustrated in FIGS. 14 to
18 are the cross section at the same position as FIG. 3.
[0134] Next, as illustrated in FIG. 14, the third insulating
layer 370, the second insulating layer 350, and the common
electrode 270 disposed at the first valley V1 are removed by
patterning the third insulating layer 370, the second insulating
layer 350, and the common electrode 270. The sacrificial
layer 300 disposed at the first valley V1 is exposed by pat-
terning the third insulating layer 370, the second insulating
layer 350, and the common electrode 270.

[0135] Next, referring to FIG. 15, the sacrificial layer 300 is
fully removed through ashing by supplying oxygen plasma on
the substrate 110 where the sacrificial layer 300 is exposed, or
by supplying a developer. When the sacrificial layer 300 is
removed, the microcavity 305 is generated at a region where
the sacrificial layer 300 is disposed.

[0136] The pixel electrode 191 and the common electrode
270 are spaced apart from each other with the microcavity
305 therebetween, and the pixel electrode 191 and the roof
layer 360 are spaced apart from each other with the micro-
cavity 305 therebetween. The common electrode 270 and the
roof layer 360 are formed to cover the upper surface and both
sides of the microcavity 305.

[0137] The microcavity 305 is exposed outside through a
portion where the roof layer 360 and the common electrode
270 are removed, which is called a liquid crystal injection
hole 307. The liquid crystal injection hole 307 is formed
along the first valley V1. Unlike this, the liquid crystal injec-
tion hole 307 may also be formed along the second valley V2.
[0138] Next, the rooflayer 360 is cured by applying heat to
the substrate 110. This is to maintain the shape of the space
305 by the roof layer 360.

[0139] Next, referring to FIG. 16, when an aligning agent
containing an alignment material is coated on the substrate
110 by a spin coating method or an inkjet method, the align-
ing agent is injected into the microcavity 305 through the
injection hole 307. When the aligning agent is injected into
the microcavity 305 and then a curing process is performed, a
solvent included in the aligning agent is evaporated and the
alignment layer is formed on the inner wall of the microcavity
305.
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[0140] Accordingly, the alignment layer 11 and 21 may be
formed on the pixel electrode 191 and the common electrode
270. The lower alignment layer 11 and the upper alignment
layer 21 face each other with the microcavity 305 therebe-
tween and are connected to each other at an edge of the pixel
area PX.

[0141] Inthis case, the alignment layer 11 and 21 may be a
vertical alignment layer. In addition, if a process of irradiating
a UV to the alignment layer 11 and 21 is performed, the
alignment layer 11 and 21 may be a horizontal alignment
layer.

[0142] Next, referring to FIG. 17, when the liquid crystal
material including liquid crystal molecules 310 is dropped or
coated on the substrate 110 by an inkjet method or a dispens-
ing method, the liquid crystal material is injected into the
microcavity 305 through the injection hole 307. In this case,
the liquid crystal material may be dropped in the injection
holes 307 formed along the odd-numbered first valleys V1
and may not be dropped in the injection holes 307 formed
along the even-numbered first valleys V1. On the contrary, the
liquid crystal material may be dropped in the injection holes
307 formed along the even-numbered first valleys V1 and
may not be dropped in the injection holes 307 formed along
the odd-numbered first valleys V1.

[0143] When the liquid crystal material is dropped in the
liquid crystal injection holes 307 formed along the odd-num-
bered first valleys V1, the liquid crystal material is injected
into the liquid crystal injection hole 307 by capillary force to
fill the microcavity 305. In this case, the liquid crystal mate-
rial is injected into the microcavity 305 by discharging air in
the microcavity 305 through the liquid crystal injection holes
307 formed along the even-numbered first valleys V1.
[0144] Further, the liquid crystal material may be dropped
in all of the injection holes 307. That is, the liquid crystal
material may be dropped in the injection holes 307 formed
along the odd-numbered first valleys V1 and the injection
holes 307 formed along the even-numbered first valleys V1.
[0145] As illustrated in FIG. 18, an overcoat 390 is formed
by depositing a material which does not react with the liquid
crystal molecules 310 on the third insulating layer 370. The
overcoat 390 is formed to cover the injection hole 307 where
the microcavity 305 is exposed outside to seal the microcavity
305.

[0146] Next, although not illustrated, polarizers may be
further attached onto the upper and lower surfaces of the
display device. The polarizers may include a first polarizer
and a second polarizer. The first polarizer may be attached
onto the lower surface of the substrate 110, and the second
polarizer may be attached onto the overcoat 390.

[0147] Next, another exemplary embodiment of the inven-
tive concept will be described with reference to FI1G. 19. FIG.
19 schematically illustrates a cross section of the display
device of FIG. 1 taken along line V-V based on a microcavity
according to the exemplary embodiment of the inventive con-
cept. The structure and method of forming the structure for
the display device according to the exemplary embodiment is
similar to that of the display device according to the exem-
plary embodiment of FIGS. 1 to 18. The detailed description
for like constituent elements is omitted.

[0148] Referringto FIG. 19, inthe display device according
to the exemplary embodiment, the shape of the microcavity is
asemi-oval, and semi-major axis at the center and the left and
right of the display device form different angles with the
substrate.
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[0149] FIG. 20 illustrates a cross section of a pixel disposed
at a center of the display device according to the exemplary
embodiment of the inventive concept, and FIG. 21 illustrates
a cross section of a pixel disposed at a left side of the display
device according to the exemplary embodiment of the inven-
tive concept. FIG. 22 illustrates a cross section of a pixel
disposed at a right side of the display device according to the
exemplary embodiment of the inventive concept.

[0150] Referring to FIG. 20, the microcavity of the pixel
disposed at the center of the display device of the inventive
concept has a semi-oval shape, the semi-major axis of the
semi-oval forms a right angle with the substrate. That is, the
microcavity entirely has an axis of symmetry perpendicular
to the substrate.

[0151] However, referring to FIG. 21, the microcavity of
the pixel disposed at the left of the display device of the
inventive concept has a semi-major axis inclined to the left of
the display panel.

[0152] Similarly, referring to FIG. 22, the microcavity of
the pixel disposed at the right of the display device of the
inventive concept has a semi-major axis inclined to the right
of the display panel.

[0153] Next, a manufacturing method of the display device
according to the exemplary embodiment will be described
with reference to FIG. 23. FIG. 23 illustrates a method of
forming a sacrificial layer of the display device according to
the exemplary embodiment of the inventive concept. The
manufacturing method of the display device is similar to the
manufacturing method of the display device according to the
exemplary embodiment of FIGS. 6 to 18. The detailed
description for like constituent elements is omitted.

[0154] However, in the manufacturing method of the dis-
play device according to the exemplary embodiment, a
method of forming the sacrificial layer is different. In the
manufacturing method of the display device according to the
exemplary embodiment, exposure for each region of the dis-
play device varies in the forming of the sacrificial layer.

[0155] In the manufacturing process, a negative photosen-
sitive material as the sacrificial layer 300 is coated on the
display device with the pixel electrode. Thereafter, a mask
having the same shape illustrated in FIG. 23 is disposed on the
display device.

[0156] Themask may be ahalftone mask or a slit mask. The
mask corresponding to a center of the substrate has a same
horizontal transmittance in a left and a right side of the semi
oval, and the mask except a region corresponding to the center
of the substrate has a different horizontal transmittance in a
left and a right side of the semi oval.

[0157] In the case where the mask is the halftone mask,
transmittance is low at the central region of the entire display
panel. However, in the left region of the display panel, a
halftone mask in which transmittance of the left region of the
semi-oval is higher than that of the right region of the semi-
oval is used to expose the display panel. Similarly, in the right
region of the display panel, with respect to one pixel, a half-
tone mask in which transmittance of the right region of the
semi-oval is higher than that of the left region is used to
expose the display panel.

[0158] In the case where the mask is the slit mask, a small
number of slits exist in the central region of the entire display
panel. However, in the left region of the display panel, the
number of slits in the left region of the semi-oval is more than
that of slits in the right region of the semi-oval. Similarly, in
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the right region of the display panel, the number of slits in the
right region of the semi-oval is more than that of slits in the
left region of the semi-oval.

[0159] In this case, since transmittance of the mask varies
according to positions of the display panel, the photosensitive
degree of the sacrificial layer material also varies.

[0160] The sacrificial layer of the pixel disposed at the
center is symmetrically formed because the left and right
exposure degrees are the same as each other.

[0161] However, since the sacrificial layer of the pixel dis-
posed at the left is more exposed in the left region having high
transmittance, the left region has strong resistance to devel-
opment. Accordingly, the right region is more developed, and
as a result, in one pixel, the left of the sacrificial layer is
thicker.

[0162] Similarly, since the sacrificial layer of the pixel dis-
posed at the right is more exposed in the right region having
high transmittance, the right region has strong resistance to
development. Accordingly, the left region is more developed,
and as a result, in one pixel, the right of the sacrificial layer is
thicker.

[0163] On the other hand, in the case of using the positive
photosensitive material, transmittance of the mask may be
opposite to the transmittance described above. That is, in the
pixel disposed at the left of the display panel, transmittance in
the left region of the semi-oval may be lower than the trans-
mittance in the right region of the semi-oval. On the contrary,
in the pixel disposed at the right of the display panel, the
transmittance in the left region of the semi-oval may be higher
than the transmittance in the right region of the semi-oval.
[0164] As such, as the photolithography process of the sac-
rificial layer is performed by using a mask having different
transmittance for each region with respect to one display
panel, the shape of the sacrificial layer varies according to a
position of one display panel.

[0165] Referring to FIG. 19, the sacrificial layer of the pixel
disposed at the center of one display panel is a symmetrical
circle. However, the sacrificial layer of the pixel disposed at
the left of the display panel may have a semi-major axis
inclined to the left of the display panel, and the inclined
degree may be increased far away from the center of the
display panel. Similarly, the sacrificial layer of the pixel dis-
posed at the right of the display panel may have a semi-major
axis inclined to the right of the display panel, and the inclined
degree may be increased far away from the center of the
display panel. In FIGS. 19 and 23, only some pixels are
illustrated as an example, but the inclination may be gradually
increased according to an increase in a distance from a center
of the display panel.

[0166] The sacrificial layer is removed to form a microcav-
ity in which liquid crystal molecules are injected. Accord-
ingly, the shape of the microcavity of the display device
according to the exemplary embodiment is the same as the
shape of the sacrificial layer described above.

[0167] Next, a display device according to yet another
exemplary embodiment of the inventive concept will be
described with reference to FIG. 24. FIG. 24 schematically
illustrates a cross section of the display device of FIG. 1 taken
along line V-V according to the exemplary embodiment of the
inventive concept. The structure for the display device
according to the exemplary embodiment is similar to the
structure for the display device according to the exemplary
embodiment of FIGS. 1 to 18. The detailed description for
like constituent elements is omitted.
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[0168] However, referring to FIG. 24, in the display device
according to the exemplary embodiment, the shape of the
microcavity is a tapered trapezoid in which a length of a lower
side is longer than a length of an upper side. Further, the width
of the microcavity of the display device according to the
exemplary embodiment varies according to a position of the
display panel. However, the shape of the micro-cavity may be
reverse-tapered trapezoid as disclosed in FIG. 5.

[0169] Referring to FIG. 24, a width dl of the microcavity
of the pixel disposed at the center of the display panel is
largest. However, a width of the microcavity of the pixel is
gradually decreased to have a smallest width do in a pixel far
away from the center of the display panel.

[0170] Referring to FIG. 24, the width of the microcavity
305 of the pixel disposed at the center is largest. However, the
width of the microcavity 305 of the pixel is gradually
decreased when a distance from the center from the center of
the display panel is increased.

[0171] Next, a manufacturing method of the display device
according to the exemplary embodiment will be described
with reference to FIG. 25. FIG. 25 illustrates a method of
forming a sacrificial layer of a display device according to yet
another exemplary embodiment of the inventive concept.
[0172] The manufacturing method of the display device is
similar to the manufacturing method of the display device
according to the exemplary embodiment of FIGS. 6 to 18. The
detailed description for like constituent elements is omitted.
[0173] However, in the manufacturing method of the dis-
play device according to the exemplary embodiment, a
method of forming the sacrificial layer is different. In the
manufacturing method of the display device according to the
exemplary embodiment, a mask for forming the sacrificial
layer varies for each region of the display device.

[0174] That is, referring to FIG. 25, the sacrificial layer
which is a positive photo-resist is coated, and then the sacri-
ficial layer is exposed by using a mask in which a width of a
light blocking layer is gradually decreased when a distance
from the center of the display panel is increased, and the
sacrificial layer is developed. As the width of the mask is
changed, the width of the formed sacrificial layer is changed
corresponding to the light blocking layer in the mask. When
using a negative photo-resist as the sacrificial layer, a width of
the light transmitting layer is gradually decreased according
to an increase in distance from the center of the display panel.
[0175] Next, effects of the display device according to the
exemplary embodiment of the inventive concept will be
described with reference to FIGS. 26 to 28.

[0176] FIG. 26 illustrates bending of a panel when imple-
menting a curved display. FIG. 26 briefly illustrates only the
lower substrate 110 and the microcavity 305. Referring to
FIG. 26, as the panel is bending, deformation in the structure
of the microcavity occurs.

[0177] FIG. 27 illustrates deformation of the microcavity
dueto the bending of the panel in the display device according
to comparative example. FIG. 28 illustrates deformation of a
microcavity due to a bending of a panel in a display device
according to the exemplary embodiment.

[0178] Referring to FIG. 27A, in the microcavity having the
tapered trapezoid shape, when the panel is bent, tensile stress
is applied to the lower side, and compressive stress is applied
to an upper side. Accordingly, the length of the lower side is
increased, the width of the upper side is decreased, and a size
of an effective opening D1 is decreased.
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[0179] However, referring to FIG. 28A, the display device
according to the embodiment of the inventive concept
includes a microcavity having a reverse-tapered trapezoid
shape in which the length of the upper side is larger than the
length of the lower side. Accordingly, when the panel is bent,
the width of the lower side is increased by tensile stress, and
the width of the upper side is decreased by compressive stress.
Accordingly, asillustrated in FIG. 28A, even though the panel
is bent, a size of an predetermined effective opening D2 is not
changed but maintained.

[0180] Further, referring to FIG. 27B, in the display device
having semi-oval microcavities having the same shape in the
entire panel, when the panel is bent, stress applied according
to a position varies. That is, as illustrated in FIG. 27, the
microcavity disposed at the center receives the same horizon-
tal force, but in the microcavity disposed at the right, pushing
force to the left is dominant, and as a result, when the panel is
bent, as illustrated in FIG. 27B, the microcavity is bent to the
left.

[0181] However, referring to FIG. 28B, the microcavities
disposed at the left and right regions in the panel are pre-
inclined considering the force applied to the micro cavity. The
microcavity disposed at the right is pre-inclined to the right in
a predetermined angle. Accordingly, when the pushing force
to the left is applied due to the bending of the panel, the
microcavity is inclined to the left, and as a result, may main-
tain a symmetrical semi-oval shape. Similarly, the microcav-
ity disposed at the left is pre-inclined to the left in a predeter-
mined angle. Accordingly, when the pushing force to the right
is applied due to the bending of the panel, the microcavity is
inclined to the right and as a result, maintains a symmetrical
semi-oval shape.

[0182] Further, referring to FIG. 27C, the display device
according to comparative example of the inventive concept
has a tapered trapezoid shape having the same size in the
entire panel. However, referring to FIG. 27C, when the dis-
play device is bent, the deformation applied to the microcav-
ity vaties for each position of the panel. That is, the deforma-
tion of the microcavity disposed at the center of the display
panel id dominant than the deformation of the microcavity
disposed at the edge of the display panel. Accordingly, after
the panel is bent, the size of the microcavity for each region
varies.

[0183] However, referring to FIG. 28C, in the display
device according to the exemplary embodiment of the inven-
tive concept, a size of the microcavity varies according to a
position of the panel. That is, the size of the microcavity
disposed at the center of the panel is large and the size of the
microcavity is gradually decreased according to a distance
from the center. Accordingly, when the display panel is bent,
large deformation is applied to the microcavity disposed at
the center and thus the size is decreased, and the microcavity
disposed at the edge has a small deformation rate. As a result,
as illustrated in FIG. 28C, after the panel is bent, the sizes of
the microcavities become uniform over the entire area of the
panel.

[0184] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.
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What is claimed is:

1. A display device, comprising:

a substrate including a plurality of pixel areas which are
disposed in a matrix form including a plurality of pixel
rows and a plurality of pixel columns;

athin film transistor formed on the substrate;

a pixel electrode connected to the thin film transistor and
formed in the pixel area;

a common electrode formed on the pixel electrode to be
spaced apart from the pixel electrode with a microcavity
therebetween;

a liquid crystal layer filling the microcavity between the
pixel electrode and the common electrode;

aroof layer formed on the common electrode;

aliquid crystal injection hole formed in the common elec-
trode and the roof layer to expose a part of the micro-
cavity; and

an overcoat formed on the roof layer so as to cover the
liquid crystal injection hole to seal the microcavity,

wherein a cross section of the microcavity has a reverse-
tapered trapezoidal shape in which an upper width is
larger than a lower width.

2. The display device of claim 1, wherein:

the display device is a horizontally curved display.

3. The display device of claim 2, wherein a horizontal

width of the microcavity is gradually decreased according to
an increase in a distance from a center of a display panel.

4. The display device of claim 1, wherein the cross section
is a cross section along the pixel rows.

5. A manufacturing method of a display device, compris-
ing:

forming a thin film transistor on a substrate;

forming a first insulating layer on the thin film transistor;

forming a pixel electrode connected with the thin film
transistor on the first insulating layer;

forming a trapezoid pattern between adjacent pixel elec-
trodes;

forming a reverse-tapered trapezoidal sacrificial layer fill-
ing a space between the patterns on the pixel electrode;

removing the trapezoid pattern;

forming a common electrode on the sacrificial layer;

forming a second insulating layer on the common elec-
trode;

forming a roof layer by coating and patterning an organic
material on the second insulating layer;

forming a microcavity between the pixel electrode and the
common electrode by removing the sacrificial layer;

forming a liquid crystal layer by injecting a liquid crystal
material into the microcavity; and

forming an overcoat on the roof layer to seal the microcav-
ity.

6. The manufacturing method of claim 5, wherein the trap-

ezoid pattern is a positive photo-resist; and

wherein the reverse-tapered trapezoidal sacrificial layer is
a negative photo resist.

7. The manufacturing method of claim 6, further compris-

ing removing the sacrificial layer on the trapezoid pattern and

exposing the trapezoid pattern and the reverse-tapered trap-

ezoidal sacrificial layer before removing the trapezoid pat-

tern.

8. A display device, comprising:

a substrate including a plurality of pixel areas which are
disposed in a matrix form including a plurality of pixel
rows and a plurality of pixel columns;
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a thin film transistor formed on the substrate;

a pixel electrode connected to the thin film transistor and
formed in the pixel area;

a common electrode formed on the pixel electrode to be
spaced apart from the pixel electrode with a microcavity
therebetween;

a roof layer formed on the common electrode;

aliquid crystal injection hole formed in the common elec-
trode and the roof layer to expose a part of the micro-
cavity;

a liquid crystal layer filling the microcavity; and

an overcoat formed on the roof layer so as to cover the
liquid crystal injection hole to seal the microcavity,

wherein a cross section of the microcavity has a symmetri-
cal semi-oval shape in a pixel disposed at the center of
the substrate, a cross section of the microcavity ofa pixel
disposed at the right side of the substrate has an semi-
oval shape in which a semi-major axis is inclined to the
right, and a cross section of the microcavity of a pixel
disposed at the left side of the substrate has an semi-oval
shape in which a semi-major axis is inclined to the left.

9. The display device of claim 8, wherein an inclination

angle of the semi-major axis is gradually increased according
to an increase in a distance from a center of the substrate.

10. The display device of claim 9, wherein:

the display device is a horizontally curved display.
11. The display device of claim 10, wherein the cross

section is a cross section along the pixel rows.

12. A manufacturing method of a display device, compris-

ing:

forming a thin film transistor on a substrate;

forming a first insulating layer on the thin film transistor;

forming a pixel electrode connected with the thin film

transistor on the first insulating layer;

coating a sacrificial layer on the pixel electrode;

positioning a mask having different transmittance for each

area on the sacrificial layer;

exposing and etching the sacrificial layer;

forming a common electrode on the sacrificial layer;

forming a second insulating layer on the common elec-

trode;

forming a roof layer by coating and patterning an organic

material on the second insulating layer;

forming a microcavity between the pixel electrode and the

common electrode by removing the sacrificial layer;
forming a liquid crystal layer by injecting a liquid crystal
material into the microcavity; and

forming an overcoat on the roof layer to seal the microcav-

ity.

13. The manufacturing method of claim 12, wherein the
mask corresponding to a center of the substrate has a same
horizontal transmittance in a left and a right side of the semi-
oval, and the mask except a region corresponding to the center
of the substrate has a different horizontal transmittance in a
left and a right side of the semi-oval.

14. The manufacturing method of claim 13, wherein the
mask is a halftone mask or a slit.

15. The manufacturing method of claim 13, wherein the
sacrificial layer is a negative photosensitive material, the
mask corresponding to the left side of the substrate has higher
transmittance in the left side of the semi-oval than the right
side of the semi-oval, and the mask corresponding to the right
side of the substrate has higher transmittance in the right side
of the semi-oval than the left side of the semi-oval.
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16. A display device, comprising:

a substrate including a plurality of pixel areas which are
disposed in a matrix form including a plurality of pixel
rows and a plurality of pixel columns;

a thin film transistor formed on the substrate;

a pixel electrode connected to the thin film transistor and
formed in the pixel area;

a common electrode formed on the pixel electrode to be
spaced apart from the pixel electrode with a microcavity
therebetween;

aroof layer formed on the common electrode;

aliquid crystal injection hole formed in the common elec-
trode and the roof layer to expose a part of the micro-
cavity;

a liquid crystal layer filling the microcavity; and

an overcoat formed on the roof layer so as to cover the
liquid crystal injection hole to seal the microcavity,

wherein a horizontal width of the microcavity is gradually
decreased according to an increase in a distance from a
center of a display panel.

17. The display device of claim 17, wherein the display

device is a horizontally curved display.

18. The display device of claim 16, wherein a cross section
in a pixel row direction of the microcavity has a trapezoidal
shape in which an upper width is smaller than a lower width.

19. A manufacturing method of a display device, compris-
ing:

12

Aug. 13,2015

forming a thin film transistor on a substrate;

forming a first insulating layer on the thin film transistor;

forming a pixel electrode connected with the thin film

transistor on the first insulating layer;

coating a sacrificial layer on the pixel electrode;

positioning a mask including light blocking regions, a

width of the light blocking regions being gradually vary-
ing according to an increase in a distance from a center
of the substrate;

exposing and developing the sacrificial layer;

forming a common electrode on the sacrificial layer;

forming a second insulating layer on the common elec-

trode;

forming a roof layer by coating and patterning an organic

material on the second insulating layer;

forming a microcavity between the pixel electrode and the

common electrode by removing the sacrificial layer;
forming a liquid crystal layer by injecting a liquid crystal
material into the microcavity; and

forming an overcoat on the roof layer to seal the microcav-

ity.

20. The manufacturing method of claim 19, wherein the
sacrificial layer is a positive photosensitive material, and the
width of the light blocking regions is gradually decreased
according to an increase in a distance from a center of a
display panel.
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